To assess the ability of the body mass index (BMI) to detect obesity-associated morbidity in subjects with a normal or short stature. METHODS: Information was obtained on 119 975 subjects from a cardiovascular risk factors detection program. Standardized questionnaires were used. Capillary glucose and cholesterol concentrations were measured. Diabetes, arterial hypertension and hypercholesterolemia were selected as end points. Sensitivity, specificity and the likelihood ratio for several BMI thresholds were calculated. ROC curves were constructed to identify the BMI cutoff points with best diagnostic performance. The area under the curve (AUC) was used to assess the proficiency of BMI. RESULTS: Short stature (height r150 cm for women or r160 cm for men) was found in 24 854 subjects (20.7%). These cases had a higher prevalence of type II diabetes and arterial hypertension even after adjusting for confounding variables. In addition, the frequency of the abnormalities was higher even at the lowest BMI values; the prevalence increased in direct proportion with the BMI, but at a lower rate compared to cases with normal stature. The AUC for every co-morbidity was smaller in short stature subjects. The likelihood ratio for detecting co-morbidities increased at the same BMI value in subjects with or without short stature. CONCLUSIONS: The prevalence of obesity-associated co-morbidities is higher in subjects with short stature compared to those without it. The proficiency of BMI as a diagnostic tool is poor in short stature subjects. This problem is not resolved by decreasing BMI thresholds used to define overweight.
Introduction
The ability of body mass index (BMI) to predict excess morbidity and mortality differ between ethnic groups. 1 In
Caucasians, the risk of having obesity-related complications increase after a BMI of 25 kg/m 2 . 2 In contrast, in AsianPacific populations, the risk increases with a BMI greater than 23 kg/m 2 . 3 There are various reasons for this discrepancy. Firstly, Asian subjects have a higher fat mass for a given BMI compared to Caucasians. On average, an Asian subject with a similar body fat composition to a Caucasian would have a BMI three units higher. 4 Secondly, the exponential relationship between weight and height of the BMI may result in discrepancies at the extremes of these variables. Differences in height may contribute to the discordant behavior of BMI between ethnic groups. The percentage of individuals with short stature is much higher in Asians compared to Caucasians. In México, short stature (r150 cm for women or r160 cm for men) is found in 29% of the population. 5 Thirdly, short stature could result from malnourishment early in life. Such malnourishment is a risk factor for the development of the metabolic syndrome and abdominal adiposity. [6] [7] [8] Thus, additional studies are needed to assess the influence of these factors on the accuracy of BMI thresholds to predict obesity-related complications. The purpose of this report is to assess the ability of BMI to detect obesity-related morbidity in subjects with normal or short stature. Our data were obtained from a large survey based in six Mexican cities designed to detect cardiovascular risk factors.
Material and methods
In this large cross-sectional study, individuals from six Mexican cities were included (n ¼ 120 001). Four of these cities are located in central Mexico (Mexico City (n ¼ 37 457), Guadalajara (n ¼ 25 514), Leon (13 022) and Puebla (n ¼ 14 055)), and the two remaining are in the north of the country (Monterrey (n ¼ 15 614) and Tijuana (n ¼ 14 339)). Subjects were sampled during 2001 and 2002. The purpose of the survey was the detection of cases with modifiable cardiovascular risk factors. The Health Ministry and a private sponsor provided seven mobile units. In each one, up to 150 people could be evaluated per day. The units were located in commercial malls or prescheduled visits were made to factories or companies with large number of employees. Every adult aged 30 y or older was invited to participate. The study was done in accordance with the Helsinki Declaration of Human Studies.
Each unit had a trained team composed of a general practitioner, a nurse, a dietitian and paramedic personnel. The demographic data and medical history were recorded using a standardized questionnaire. Blood pressure was measured with the subject in the supine position after a 5-min rest. Height and body weight were measured on a dailycalibrated scale. BMI was calculated as weight (kg) divided by height (m 2 ). A blood sample for the measurement of capillary glucose and cholesterol concentrations was requested from all cases. Data are presented from the 119 975 cases in which valid capillary glucose and cholesterol results were collected (81.65% of the total). Samples were obtained after a fasting period of at least 2 h. The sampling procedure was standardized during a training course. Accutrend sensor monitors (Roche diagnostics) were used in this study for the measurement of capillary glucose levels. Reflotron plus monitors (Roche diagnostics) were used for the measurement of cholesterol concentrations.
Definitions
Short stature was defined as a height r150 cm for women or r160 cm for men. 9 Diabetes was diagnosed in known cases or if the random plasma glucose concentration was above 200 mg/dl or the fasting capillary glucose Z126 mg/dl. 10 Type II diabetes was diagnosed using the definition proposed by the American Diabetes Association. 11 BMI's 25-30 kg/m 2 and Z30 kg/m 2 were defined as overweight and obesity, respectively. Hypertension was diagnosed when the blood pressure was Z140/90 mmHg and/or with current use of antihypertensives. The National Cholesterol Education Program-III guidelines were used to identify and define independent cardiovascular risk factors. 12 Hypercholesterolemia was considered present if blood cholesterol was equal or greater than 200 mg/dl or the patient was on lipidlowering medication. Tobacco smoking was considered present if the patient referred the consumption of at least one cigarrette during the previous month.
Statistical analysis
Continuous variables were described using means and standard deviations. Data from patients sampled in Mexico City, Leon, Puebla and Guadalajara were analyzed together based on the similar characteristics of the study subjects; this group was labeled Central Mexico. The same was done for the results obtained in Tijuana and Monterrey; this subset was labeled as Northern Mexico. The one-way analysis of variance test was applied to compare differences between groups. Categorical variables were compared with the w 2 statistic. The sensitivity and specificity of several BMI thresholds to predict diabetes, hypertension and hypercholesterolemia were compared in subjects of normal and short stature. The likelihood ratio was calculated to show the odds of having the above-mentioned obesity-related co-morbidities at differing BMI thresholds. 13 This ratio gives the probability of finding a case with the specified condition. It is defined as sensitivity/(1Àspecificity). ROC curves were constructed by plotting sensitivity vs 1Àspecificity. The BMI value with the best diagnostic performance was that closest to the left corner of the graph. The overall performance of the ROC curve was quantified by estimating the area under the curve. The estimates were calculated after stratifying for gender and age groups (above or below age 40 y). Differences between areas under the ROC curves were compared using the one-way analysis of variance test. Multiple logistic regression models were used to determine the ability of obesity and overweight to predict co-morbidities; short stature, age, region and smoking were included as covariates. The statistical analysis was conducted in SPSS 10.0 for windows.
Results
The population (n ¼ 119 975) was composed predominantly of women (58.3%). Nearly half of the study subjects were aged 40 y or younger (n ¼ 49 989 (42.5%)); subjects older than age 70 y represented a small fraction of the sample (n ¼ 5278 (4.4%)). The majority of the men were blue-collar workers (n ¼ 37 618 (75.3%)); nearly half of the women worked at home (38 985 (55.7%)). The prevalence of obesityrelated co-morbidities selected as end points in this report were high: hypertension 30.2% (n ¼ 36 251), type II diabetes 10.7% (n ¼ 12 804) and hypercholesterolemia 43.3% (n ¼ 51 928). Past medical history of a coronary event was reported by 0.9% (n ¼ 1029). Other cardiovascular risk factors were also common: tobacco smoking 25.4% (n ¼ 30 476), family history of cardiovascular death 11.5% (n ¼ 13 738)
Short stature and body mass index A Lara-Esqueda et al and history of stroke 0.7% (n ¼ 892). The characteristics of the participants were similar in each region (Central and Northern Mexico). However, the prevalence of obesity, hypertension, type II diabetes and hypercholesterolemia was higher in the Northern region in spite of younger age and lower prevalence of tobacco smoking.
The comparison between cases with short or normal stature is shown in Table 1 . Almost a fifth of the study subjects had short stature (n ¼ 24 854 (20.7%)). This was most prevalent in women (25.8 vs 13.6%, Po0.001) and in subjects sampled in Central México. Short stature subjects were older, had a lower level of education and had a lower prevalence of tobacco smoking. As expected, obesity was more prevalent in this group, despite a lower body weight. Short stature subjects had a higher prevalence of type 2 diabetes and arterial hypertension even after adjusting for confounding factors (age, region and tobacco smoking). Additionally, there was a higher prevalence of stroke in short stature women and of hypercholesterolemia in short stature men. Thus, these data strongly suggest that short stature is independently associated with several cardiovascular risk factors.
To explore the relationship between BMI and obesityassociated co-morbidities in subjects with short and 'normal' stature, we calculated the adjusted prevalence of high blood pressure, diabetes and hypercholesterolemia for every unit of BMI ( Figure 1 ). In both genders, the prevalence of every comorbidity increased along with the BMI. However, the relationship between BMI and these co-morbidities differed according to the co-morbidity. For example, a near linear relation was evident for hypertension. The diabetes curve had a linear shape, but different from the hypertension curve; in women, the highest prevalence was found at the lower BMI's. In contrast, the hypercholesterolemia curve showed a rapid rise between BMI's 20 and 25 kg/m 2 , followed by a plateau. These curves were different in the short stature subjects. As shown in Figure 1 , short stature subjects had a significantly higher prevalence of hypertension and diabetes at the majority of the BMI thresholds. For hypertension, even though the curves are parallel, the prevalence was always higher in the short stature subjects. In contrast, for diabetes, the pattern of the curve was completely different in the short stature subjects compared to either the normalsized subjects or the population as a whole. Thus, the presence of short stature modifies the relation between BMI and obesity-related co-morbidities.
The usefulness of BMI as a screening tool for the detection of obesity-associated co-morbidities among cases with short or normal stature was assessed. First, multiple logistic models were constructed to estimate the odds ratio for having each one of the studied co-morbidities associated with overweight and obesity in both groups, taking into account possible confounders (ie age, region and smoking). As shown in Table 2 , both overweight and obesity had lower odds ratios for the presence of each co-morbidity in the short stature group. Thus, there is a lower likelihood of detecting obesityrelated co-morbidities using BMI as a screening tool in short stature subjects. Secondly, we calculate the sensitivity, the specificity and the likelihood ratios for several BMI thresholds in subjects with short and normal stature. ROC curves were constructed to identify the BMI threshold, which diagnosed every co-morbidity. The area under the curve was used as an index of the proficiency of the BMI as a diagnostic tool. As shown in Table 3 , the BMI value with the best diagnostic proficiency ranged from 27 to 29 kg/m 2 ; it varied depending on the co-morbidity being studied and the gender. Short stature and body mass index A Lara-Esqueda et al observation suggests that lowering the BMI threshold does not increase the likelihood of detecting co-morbidities. This statement is further supported by the results of the likelihood ratio, an index less likely to be influenced by the prevalence of the disorder. As shown in Figure 2 , the likelihood ratio of having diabetes or hypertension increased at the same BMI values in the two groups. Thus, decreasing the BMI thresholds in short stature subjects will not increase the probability of detecting cases with obesity-related comorbidities in this group. Finally, the BMI is a less accurate screening tool in subjects with short stature. The likelihood ratios for finding cases with either diabetes or arterial hypertension were significantly lower in both men and women with short stature (Figure 2 ). In accordance, the area under the ROC curve was significantly smaller in this subset of the population. As shown in Table 4 , the areas under the ROC curves constructed for every co-morbidity were consistently smaller in men and women with short stature. The same trend was observed when the population was stratified by age groups (above or below age 40 y).
Discussion
The definition of obesity is proposed to be population specific. In countries with non-Caucasian populations, a higher than expected prevalence of co-morbidities is observed at BMI values considered normal for Caucasians.
14 This discrepancy has been described in populations with a high prevalence of short stature. Our results show that short stature modifies the relationship between BMI and the prevalence of obesity-associated co-morbidities. The frequency of the abnormalities is higher at all BMI thresholds and the prevalence increases in direct relation with the BMI, but at a lower rate than cases of normal stature. As a consequence, the use of BMI, as a tool for finding cases with obesity-associated co-morbidities, is not as accurate in the presence of short stature. This problem is not solved by decreasing the BMI threshold used to define overweight, as has been proposed for Asian populations. Thus, between ethnic groups, short stature could explain, to some extent, the variation in the ability of BMI to detect the obesityrelated complications. 
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Our data show that the power of BMI to detect subjects with obesity-associated co-morbidities is significantly lower in cases with short stature compared to those without it.
Among short stature subjects, the power of BMI to detect some conditions (ie diabetes) was low enough to doubt its clinical usefulness (Table 4) . As shown in Figure 2 , the likelihood ratio (LLR), an index that measures the probability of finding abnormal cases using the test under study, was always lower in short stature subjects. We assessed whether lowering the BMI thresholds for the definition of either overweight or obesity could overcome this limitation; selecting a lower cutoff value (ie 23 kg/m 2 ) did not increase the probability of finding abnormal cases because the likelihood ratio increased at the same BMI values in cases with or without short stature (Figure 2) . Thus, our data clearly show that the risk of diabetes and high blood pressure in short stature subjects could not be adequately assessed using BMI. Future studies should be designed to find new indicators of increased metabolic risk in short stature subjects. Meanwhile, the limitations of BMI in these cases should be recognized; conclusions based on BMI must be interpreted with caution.
Short stature may be an independent risk factor for fatal and nonfatal coronary heart disease (CHD), even in Caucasian groups. 15 Forsén 16 demonstrated, in the Finish component of the Seven Countries Study, that, even after adjusting for confounding variables, there is a 19% increased risk of coronary events for a 10 cm decrease in height. In accordance, our results show that short stature subjects have an increased prevalence of diabetes and high blood pressure compared to women and men with a 'normal' height, even after adjusting for confounding variables. Possible reasons for the increased prevalence of diabetes and high blood pressure in short stature individuals include malnourishment early in life and genetic factors. Many authors have shown that exposure to malnutrition in utero or during childhood is associated with short stature and increased risk of suffering CHD, type II diabetes and the metabolic syndrome later in adult life. [17] [18] [19] [20] [21] [22] These cases have decreased insulin sensitivity and an abnormal body fat distribution. 23 Hence, higher levels of abdominal adipose tissue are more detrimental in this group than in BMI-paired subjects without excessive abdominal adiposity. 24 This phenomenon can be demonstrated even in subjects with BMI lower than 25 kg/m 2 . Thus, short stature due to malnourishment early on in life may lead to significant changes in fat metabolism that are impossible to evaluate with BMI. Additionally, short stature subjects have a significantly higher amount of body Table 2 Logistic regression models to determine the ability of overweight and obesity to detect obesity related co-morbidities in subjects with short and normal stature The obesity-related co-morbidity was included as dependent variable, BMI strata (o25, 25-29.9 and Z30 kg/m 2 ) as factors and short stature, age, region and smoking as covariates.
Short stature and body mass index A Lara-Esqueda et al Short stature and body mass index A Lara-Esqueda et al fat compared to controls of the same ethnic group matched for BMI, age and gender. 9 These facts may explain why the BMI is a less-sensitive tool for detecting cases with obesityassociated co-morbidities in short stature subjects. Our results help to explain why the higher prevalence of obesity-associated complications in Oriental populations at BMI's considered normal in Caucasian groups. 25, 26 Short stature subjects represent a significant proportion of the population in Oriental and Latin American countries (20% in México). We analyzed the impact of short stature on the odds ratio of suffering a co-morbidity in our study sample. For example, as shown in Figure 1 , the odds ratio of having high blood pressure increases after a BMI value of 23 kg/m 2 (odds ratio 1.35; CI 1.29-1.41) in the whole population. However, if short stature subjects are excluded, the increased risk disappears (odds ratio 1.09; CI 0.89-1.21). The same phenomenon was observed for the risk of having high cholesterol levels. The higher percentage of short stature individuals in Oriental and Mexican populations may be one of the reasons for the discrepancy in the performance of BMI; hence, this set of the population should be considered separately. Strengths and limitations of our report must be recognized. The large number of study subjects provides sufficient short stature cases to enable us to evaluate differences by a single unit of BMI. In contrast, the cross-sectional nature of the survey and the absence of measurements of other relevant obesity-associated co-morbidities (ie low HDL cholesterol and hypertriglyceridemia) limit our conclusions. Also, we do not have information for potentially relevant confounders (ie the waist circumference and alcohol intake). The prevalence of diabetes may be underestimated due to limitations in the methods used for diagnosis.
